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ABSTRACT 
Within 3.5  to 4  hours after thionine administration, numerous small osmiophilic bodies, 
liposomes,  appear in the endoplasmic reticulum of the liver cells. By fusion, the liposomes 
lead to the formation of larger collections of fat, giant liposomes.  Adenine administration 
to ethionine-treated rats removes the liposomes from the hepatocytes and causes the transi- 
tory appearance of osmiophilic droplets in the sinusoidal space of Disse. The characteristic 
disaggregation of hepatic polysomes seen in the liver after ethionine administration is cor- 
rected by the injection of adenine. 
Ethionine, the ethyl analogue of  methionine (9), 
when administered to female rats, induces a num- 
ber of biochemical lesions in the liver, the sequence 
of which is illustrated below (12-14, 26, 27): 
inhibition of protein synthesis,  and the  develop- 
ment of a  fatty liver can be effectively prevented 
by the simultaneous  administration of ATP, or one 
of its precursors such as adenine, along with the 
S-adenosylethionine 
ATP +  ethionine --*  Decrease in ATP --~ 
(0.5 to 2 hrs.) 
(a) Inhibition  of  RNA  synthesis/ 
(1.5 to 2.5 hrs) 
(b)  Inhibition of protein synthesis[ 
(2 to 3 hrs.)  ( --* 
(c) Breakup of ribosome aggregates 
into monomers (3 to 3.5 hrs.)  J 
Fatty liver 
(5 to 6 hrs.) 
The  key  lesion in this  sequence  is  a  rapid  and 
marked  decrease  in  the  level  of  hepatic  ATP, 
which  results from  the  trapping of the  adenine 
moiety of ATP consequent upon the activation of 
ethionine  to  S-adenosylethionine.  It  has  been 
shown, in fact,  that the fall in hepatic ATP, the 
ethionine (12-14,  26,  28).  In this report we pre- 
sent, in preliminary form, findings of early ultra- 
structural  changes  in  the  liver  ceil  caused  by 
ethionine, and evidence that these changes, once 
established, can be reversed by the administration 
of adenine. 
591 MATERIALS  AND  METHODS 
White  female  rats  of  the  Wistar  strain  (Carworth 
Farms, New City, New York), weighing from 170 to 
200  gm,  were  fasted  overnight.  One  group  of  15 
animals was  then treated with ethioninc  (1  rag/gin 
of body  weight);  a  second group  of 6  animals with 
ethionine and adenine  (32 mg per rat); and a  third 
group  of  10  animals with saline  (8  ml)  or  adenine. 
Aqueous solutions of ethionine (25 mg/ml) or adenine 
(10  mg/ml)  were  used;  these  solutions,  as  well  as 
saline,  were  injected  intraperitoneally.  Ethionine or 
saline was given at zero time, and adenine (or saline) 
2.5  to  3.5  hours thereafter.  The  animals were sacri- 
ficed under ether anesthesia at times ranging from 2 
to 8 hours after administration of ethionine or saline, 
and  2  to  3.5  hours  after  administration of adenine 
(or saline).  Liver tissue was  fixed for  2  hours in os- 
mium  tetroxide  buffered  with  Veronal-acetate  (8), 
embedded in Epon (18), and cut with a Porter-Blum, 
MT-1 or Huxley Microtome. Ultrathin sections were 
stained  with  uranyl  acetate  (31)  or  lead  hydroxide 
(17)  and  examined  with  a  Philips  EM-100  micro- 
scope. 
RESULTS 
An increasing number of osmiophilic bodies (lipo- 
somes  Figs.  1 and 2),  500 to  1500 A  in diametcr, 
appears  within  the  endoplasmic  reticulum  of the 
liver cells 3.5 to 4.5 hours after the administration 
of ethionine. In the early stages of the experiment 
these bodies are predominantly located around the 
slnusoidal  border  of  the  hepatocytes,  but  subse- 
quently  are  found  evenly  distributed  throughout 
the cell  (Fig.  3).  At this stage larger adielectronic 
bodies  (giant liposomes)  are  also found,  and can 
be seen to derive from coalescence of the smaller 
ones  (Figs.  3  and 4).  The number and size of the 
giant liposomes increase with time, as triglycerides 
are progressively deposited and accumulate in the 
liver. 
Within  3.5  hours  after  the  administration  of 
adenine to  animals injected  3.5  to  4.5  hours pre- 
viously  with  ethionine,  the  liposomes  virtually 
disappear  from  the  endoplasmic  retlculum  (Figs. 
7  and  8),  while  a  large  number  of  osmiophilic 
droplets can be seen transitorily in the  sinusoidal 
spaces of Disse (Figs. 5 and 6). However, the num- 
ber and size of the giant liposomes  are much less 
readily influenced by the adenine administration. 
Previous  observations  have  established  that  in 
ethionine-treated rats the pattern of ribosomal ag- 
gregation,  when  studied  by  centrifugation  in  su- 
crose  gradients,  shows  a  shift from  polysomes  to 
ribosomal monomers (27). A similar effect has been 
observed  in  the  present  study.  As can  be readily 
seen in Figs.  1,  2,  and 4,  after the administration 
of  ethionine  the  ribosomes  are  dispersed  in  the 
hyaloplasm  and  only  single ribosomes  or  shorter 
coils  remain  attached  to  the  endoplasmic  reticu- 
lure. The dispersion of ribosomes is not associated 
with an appreciable alteration of the endoplasmic 
reticulum.  The  administration  of  adenine  also 
readily  reverses  this effect of ethionine  (compare 
Figs.  1, 2, and 4 with Figs. 5, 7, and 8). The Golgi 
complex of normal hepatocytes contains numerous 
osmiophilic bodies whose relationship to the lipo- 
somes  is at present unknown.  The  modulation of 
Key to Symbols 
at, agranular reticulum 
Ce, centriole 
E, endothelial cell 
ER, endoplasmic reticulum 
Gl, giant liposome 
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H, hepatocyte 
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N, nucleus 
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Pc, perisinusoidal canal 
Pr, perisinnsoidal recess 
re, ribosomal coil 
rf, ribosomal figure 
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FmURES  1  and  2  These  two  electron micrographs show  portions  of  two  hepatocytes 
(H1 and H2) 4  (Fig.  1)  and 4~/~ hours (Fig.  ~) after ethionine administration. The lipo- 
somes (Lp) are enclosed by a membrane which is frequently continuous with the granular 
(ER) or agranular (at) reticulum. Note the absence of ribosomal coils and the dispersal of 
ribosomes. A giant liposome (GO is seen near the upper margin in Fig. ~. Fig. 1,  X  18,000; 
Fig. ~, X  13,000. 
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will be  described in a future communication (4). 
DISCUSSION 
The  presence  of osmiophilic bodies  in  the  liver 
cells has been noted in the early stages  of hepatic 
regeneration (16,  24),  in the guinea pig  (7)  and 
salamander liver (25), and following the adminis- 
tration of dimethylnitrosamine (11,  21),  cerium 
(19),  or ethanol (1).  In the present study only a 
few osmiophilic bodies were seen in the endoplas- 
mic reticulum of control rats  treated  with saline 
(Fig.  9),  but  large  numbers were  found  in the 
liver of animals treated with ethionine (Figs.  1 to 
4). Novikoff et al.  (22) have presented histochemi- 
cal  evidence that  similar osmiophiiic bodies ap- 
pearing  after  feeding  a  diet  supplemented with 
orotic acid are lipid in nature. Additional evidence 
suggesting their lipid nature is as follows:  (a)  the 
close  association of  these  bodies  with  abnormal 
accumulation of triglyceride in the liver in various 
pathological  conditions;  (b)  a  close  correlation 
between the time sequence of the increase in liver 
triglyceride level (12) and the appearance of these 
bodies; and  (c)  the  fact  that  the  larger  adielec- 
tronic  bodies,  which  have  been  recognized  for 
years as lipid in nature, are obviously derived by 
fusion of the small osmiophilic bodies (Figs. 3 and 
4). In view of this evidence the names "liposomes" 
and "giant liposomes" seem appropriate to indi- 
cate the two types of osmiophilic bodies. The name 
liposomes  has  been previously applied  by  other 
authors  (6,  15)  to the lipid-formed bodies in the 
adrenal cortex (32). 
After ethionine, the increase in the number of 
liposomes occurs just prior  to  a  measurable net 
increase in liver triglyceride (3).  Since the  basis 
for the triglyceride accumulation in the liver after 
ethionine is probably a  block in the  synthesis of 
lipoproteins by the liver or in the transfer of this 
plasma protein to  the  blood  (14),  it may be  in- 
ferred that the engorgement of the endoplasmic re- 
ticulum by the  osmiophilic bodies is probably the 
earliest morphological expression of the  interfer- 
ence in lipoprotein metabolism. 
~Ihe formation of helical ribosomal aggregates 
(Fig.  8),  following  adenine  administration  to 
ethionine-treated animals, indicates that the more 
complex geometrical arrangement of ribosomes de- 
scribed in other tissue  (5,  29)  and in plant tissue 
(10) can also occur in the liver, at least under some 
experimental conditions. It is generally considered 
that the polysomes  are the biological units for the 
synthesis of proteins (30, 33). The decrease in pro- 
tein synthesis  has been correlated with the disag- 
gregation of polyribosomes during the maturation 
of erythrocytes (20)  and in scorbutic cells during 
wound healing (23).  In our experimental  model, 
the dispersal of ribosomal aggregates occurs after 
the decrease in ATP and accompanies the inhibi- 
tion in protein  synthesis  (27).  By  counteracting 
the ATP deficiency induced by ethionine, adenine 
corrects the disaggregation and dispersal of surface 
ribosomes (2)  with a  concomitant reversal in the 
inhibition in protein synthesis (28).  This,presum- 
ably  reconstitutes  the  lipoprotein  packaging 
mechanism of  the  cells,  with  consequent disap- 
pearance of liposomes from the endoplasmic retie- 
ulum. 
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Fmvn~ 3  A binucleated hepatceyte  5 hours after ethionine. Note the lack of polarity 
of the liposomes (Lp)  around the sinusoidal space (Ss) and the fusion of liposomes (Lp) 
and giant liposomes (Gl).)<  9000. 
FIGURE 4  Portion of a hepatocyte 6 hours after ethionine. Shorter fixation has rendered 
the  liposomes less osmiophilic. Fusion of liposomes (Lp) and giant liposomes (Gl) is indi- 
cated.  The ribosomes are  dispersed in the  hyaloplasm.  Only single ribosomes remain 
attached to the endoplasmic reticulum (ER). ~,000. 
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droplets in the perisinusoidal recess (Pr) and sinusoidal space (Ss). Ribosomal coils (rc) are indicated in 
the upper left corner.  X  18,000. 
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Fmurm  6  Electron mierograph of liver 31~ hours after ethionine and  1~/~ hours after 
adenine. A sinusoidal space (Ss), delimited  by three  hepatocytes (H1,  112, and H3) and 
one endothelial cell (E), contains numerous osmiophilic droplets  (Od). Note also osmio- 
philie droplets between the villi, in the perisinusoidal recess (Pr), and in the perisinusoidal 
canal (Pc).  X  16,000. 
FIGURE 7  Portions of three hepatocytes (111, 112 and H3), 4 hours after ethionine and 
31~ hours after adenine, exhibiting only an occasional liposome (Lp).  Note now the re- 
constitution of ribosomal coils (re)  and their association with the endoplasmic reticulum 
(ER).  >( 19,000. 
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are indicated, but note that a  complement of osmiophilic bodies is associated with each Golgi complex 
(G). The ribosomes are arranged in long coils  (re) and helical figures (rf). X  39,000. 
600  THE  JOURNAL OF  CELL BIOLOGY  • VOLUME 27,  1965 FIGURE 9  Portion of an hepatocyte of a control rat showing liposomes (Lp), most of which are within the 
granular (ER) or agranular (at) reticulum. Note the geometrical arrangement of the ribosomes (re)  and 
their association with the cisternae of the endoplasmic reticulum. Osmiophilic bodies are associated with 
the tangentially cut Golgi complex (G). A microbody (Mc) is continuous with a tubular profile. X  25,000. 
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